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METHOD FOR INCREASING HDL CHOLESTEROL LEVEL

This invention relates generally to the field of
immunotherapy and, more specifically, to methods of
stimulating an immune response to cholesteryl ester

5 transfer protein (CETP)

.

10

BACKGROUND of thr TTTYRNTTflTT

Blood cholesterol levels have long been thought to
correlate directly with risk of atherosclerotic cardiac
disease, the leading cause of heart attacks. More
recently, it has been appreciated that blood cholesterol
is actually composed of two primary forms: the high
density lipoproteins (HDL) and low density lipoproteins
(LDL)

.
Rather than being associated with the disease

risk, high HDL levels are apparently inversely
15 predictive. In fact, studies have now indicated that HDL

has a direct action in protecting against atherosclerosis
and may even promote atherosclerosis plaque regression.

Numerous factors are involved in regulating the
level of cholesterol in the body. Cholesteryl ester
transfer protein (CETP) is an enzyme responsible for
transporting cholesterol esters (CE) from HDL to very low
density lipoproteins (VLDL) and LDL. VLDL's are
eventually converted into LDL. CETP accelerates
specifically the exchange of lipid components between
pro- and antiatherogenic lipo protein fractions, in
particular, there is a strong inverse correlation between
the levels of CETP in the plasma and the levels of HDL
cholesterol. CETP activity levels are elevated in
individuals suffering from dietary or genetic
hypercholesterolemia. Increased levels of CETP activity
result in lowered levels of HDL. In contrast,
individuals with deficiencies in CETP activity due to
mutations in the CETP gene have markedly elevated HDL
levels

.
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The immune systems of higher organisms developed asa means for protecting the individual against invasion bydeleterious foreign materials such as viruses, bacteriaand parasites. Cells of the immune system are able todistinguish between materials from the individuals ownbody (termed -self" materials) and foreign material, or
antigens. When foreign material enters the body, the
immune system mounts a response. Antibodies that
specifically recognize and bind to the foreign material
are produced (the antibody or humoral response.) m
addition, T cells are mobilized to repel the foreign
substance (the T cell or cellular response., Materials
which are recognized as self do not normally stimulate
such responses except in certain pathological conditions,

15 primarily auto-immune disease. Even where the presence
of an endogenous protein is itself deleterious, the
iiomune system cannot serve as a regulator if the materialis recognized as self.

10
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Because of HDL'S potentially beneficial effectin preventing atherosclerosis, there exists a need for
methods which can be used to increase its level in the
serum. Such, methods should ideally be specific and
reliable and involve as little invasion of the body as
possible. The present invention satisfies this need and
provides related advantages as well.

SPMMARY QF TTTF TUVRWTTflW

The present invention provides a method for
increasing HDL cholesterol in a mammal by stimulating animmune response that inhibits the function of CETP. Suchan immune response can be induced by immunizing with CETPor fragments of CETP (together termed "CETP Peptides")
which contain an epitope capable of stimulating such a
response. The peptides can be conjugated to a carrier
such as Keyhole Limpet Hemocyanin (KLH) or ovalbumin, In
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order to increase immunogenicity. Adjuvants can also be
administered.

5

10

15

In one embodiment, the fragments of CETP used
to raise the antibody response are about ten to twenty
amino acids in length and contain sequences homologous to
the sequence in rabbit or human CETP.

BRIEF THWHTPTTon op tbb TWTNfT

Figure 1 shows the anti-CETP peptide titer
during the immunization period for animals immunized with
either toxoid conjugated peptide (solid line), free
peptide (dashed line, or saline (dotted line,. The error
bar represents the standard deviation.

Figure 2 shows the CETP activity during the
immunization period for animals immunized with either
toxoid conjugated peptide (solid line,, free peptide
(dashed line, or saline (dotted line,. The error bar
represents the standard deviation.

Figure 3 shows the CETP activity as a function
of time after feeding immunized animals a cholesterol

20 diet. The animals were immunized with either toxoid
conjugated peptide (solid line, or free peptide (dashed
line,. The error bar represents the standard deviation.

Figure 4 shows the HDL-cholesterol level as a
function of time after feeding immunized animals a

25 cholesterol diet. The animals were immunized with toxoid
conjugated peptide (solid line, or free peptide (dashed
lxne). The error bar represents the standard deviation.

Figure 5 shows the LDL-cholesterol level as a
function of time after feeding immunized animals a

30 cholesterol diet. The animals were immunized with either
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toxoid conjugated peptide (solid line) or free peptide
(dashed line,. The error bar represents the standard
deviation.

Figure 6 shows the LDL/HDL-cholesterol ratio asa function of time after feeding immunized animals a
cholesterol diet. The animals were immunized with eithertoxoid conjugated peptide (solid line, or free peptide
(dashed line,. The error bar represents the standard
deviation.

10 PETATT.RP PKSCRTPTTfm
ftp THB TMPBfn,

T?ri

The present invention provides a means to
utilize the body's own immune system to lower CETP
levels, thereby increasing the level of beneficial HDL
cholesterol. The invention provides an effective method

15 of raising HDL in the blood or more specifically, the
serum. By utilizing the body's own immune system to
increase HDL levels, the invention avoids the problems
associated with the repeated administration of drugs,which have undesirable side effects.

20 According to the present invention, CETP
peptide is administered to an appropriate individual insuch a manner as to elicit an anti-CETP immune response.The CETP peptide can be chosen to contain an epitope

25 ^Pable
.°

f tll,BlrtlB
* an or humoral response.

25 Alternatively, the CETP peptide can stimulate a cellular
response, or other immune response. CETP peptides can beelected to contain B cell epitopes, sequences capable ofstimulating the production of antibodies that
specifically recognize and bind to the epitope.

30 Alternatively, CETP peptides can be chosen which
stimulate a T cell or more general immune response.
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5

Individuals exhibiting, or at risk of
exhibiting, low serum levels of HDL cholesterol are
particularly appropriate for such treatment. Serum HDL
levels can be determined using methods well-known in the

5 art (See Warnick, 6.R. J.Lipid. Tt*a.
r 19:65 (1978), for

example, which is incorporated herein by reference)

.

Serum HDL of less than about 30-35 mg/dl is considered
low. Subjects exhibiting a serum HDL level below this
level are particularly suitable for the treatment of the

10 invention.

The protein or peptide to be administered can
be all or part of the CETP protein, so long as the
protein or peptide contains a B cell and/or T cell
epitope. As used herein, "CETP peptide" is intended to
include both the full length CETP amino acid sequence as
well as fragments thereof. The peptides can have a
sequence corresponding to or homologous to a mammalian
CETP sequence. It will be appreciated that the peptide
can differ from the native sequence to some extent so
long as it is capable of inducing antibodies that inhibit
the activity of CETP.

CETP is a 55 kD protein based on its amino acid
sequence, but with post-translational modifications it
has an apparent molecular weight of 66-74 kD. The human

25 CETP mRNA sequence is available in Genbank (accession
number M30185). The rabbit CETP mRNA sequence is
available in Genbank (accession number M27486). The
genbank sequences were translated using the MacVector
software program (I.B.M., New Haven, Connecticut) to

30 obtain the complete amino acids sequence of human and
rabbit CETP.

Because CETP and its peptide derivatives may be
recognized as "self" antigens, carriers can be used to
increase their immunogenicity. Such carriers are well
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known in the art and include, for example, such compounds
as Keyhole Limpet Hemocyanin (KLH) , ovalbumin,
Diphtheria toxoid (Wako BioProducts

) , and Tetanus toxoid
(Connaught)

.
The CETP peptides can be conjugated to such

carriers by methods well-known in the art. See Current
Protocols in Molecular Riol^, Ausebell, Brent,
Kingston, Moore, Seidman, Smith & Strull eds. (1987), or
manufacturers' instructions, which is incorporated herein
by reference. The immunogenicity of the peptides can be
also increased by administration of a adjuvant. Various
adjuvants are well-known and available. See Antib»H^ a .

A Laboratory Mamin

1

, Harlow and Lane eds., (1988) which
is incorporated herein by reference.

15

The extent of the anti-CETP response induced by
the administration of the CETP peptides can be monitored
using a variety of assays. For example, competitive
format immunoassays can be employed using anti-CETP
antibodies or anti-CETP antiserum. Alternatively, the
activity level of the CETP in the subject individual can
be monitored using, for example a JH-cholesterol oleate
transfer assay. Lasuncion, M.A. , et al. Bioch^ .t.

f

270:441-449 (1990). Reduction in CETP activity is an
indirect indication of the anti-CETP response.

The following examples are intended to
25 illustrate but not limit the invention.

20
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Example 1

Administration of CETP peptide immunogen

Peptides corresponding to portions of the
human, rabbit and rabbit/human CETP were prepared

5 according to standard peptide synthesis protocols. The
following peptide sequences were prepared:
H-Cys-Asp-Ser-Gly-Arg-Val-Arg-Thr-Asp-Ala-Pro-Asp-OH
(SEQ ID No.: 1)

H-Cys-Asp-Ala-Gly-Ser-Val-Arg-Thr-Asn-Ala-Pro-Asp-OH
10 (SEQ ID No.: 2)

H-His-Leu-Leu-Val-Asp-Phe-Leu-Gln-Ser-Leu-Ser-OH.
(SEQ ID No.: 3)

The first peptide (SEQ ID 1, is taken from theHuman CETP peptide sequence (residues 131-142 without
signal peptide, from Smith and Barakat, Med. SH. -

ff |21:911-912 (1993,, which is incorporated herein by
reference. The second peptide (SEQ ID 2, is the
corresponding rabbit sequence and differs by only 3 amino
acids from the human.

15

20
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The third peptide (SEQ ID 3, is common to bothhuman and rabbit and is an epitope recognized by anti-
CETP-monoclonal antibody which is neutralizing. Tall,
A,R *' LipidP Rf»F,,, 34:1255-1257 (1993,.

The peptides were conjugated to ovalbumin bythe procedure of Qm^t PmtnrM H 4n wo-^- mMsupra. Of four New Zealand White rabbits, approximately
four months of age, two were injected intramuscularly
with 100 micrograms of the ovalbumin-conjugated human
peptide (Seq. ID No.: 1, and CPA in PBS and two were
injected with the equivalent human/rabbit peptide (Seq
ID No. 3). The animals were boosted twice at one month
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intervals with the same peptides in incomplete Preund'sadjuvant (IPA).
8

Example 2

Immunization with toxoid conjugated CETP

5 Three groups of female New Zealand rabbits (3animals per group, were immunized with either toxoidconjugated peptide, free peptide or saline. The
immunizations were administered once every seven weeks

10 period Ea°H
iZati°nS dUring the ^nizationperiod. Each immunization was intradermal^

Ea^i^ ^ 8lteS
°n ^^ °f each

Each immunogen was emulsified in IPA and each site oneach animal received 100 fig of emulsion or 1 ml peranxmal per immunization.
15

The peptide used for the toxoid conjugated
peptide and free peptide was the same, H-His-Leu-Leu-Val-
Asp-Phe-Leu-Gln-Ser-Leu-Ser-OH (SEQ ID No.: 3,. The

0 iT'tl °\th
:

tOX°id C°n^ated P^ide was conjugated
0 to either diphtheria-toxoid or tetanus-toxoid. Bothtoxoid conjugated peptides were administered to theanimals in the toxoid conjugated peptide group. The

diphtheria-toxoid conjugated peptide and tetanus-toxoidconjugated peptide were administered in alternative

ZIZTT 1 ^--^ ^-suppression,

which
int. Tnm^no l ., 2 ,151 (1990,, for example,which is incorporated herein by reference,.

Before, during and for eight weeks after the

.
E™r:etTa^?t

d

; \
n

:
nimal8 were fed—1—

•

gut weeks after the last immunization, animals in thetoxoid conjugated peptide and free peptide groups wereswitched to and remained on a feed containing 1*
cholesterol. All animals had free access to food and
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water during the experiment except for a fourteen hourfast prior to blood sampling.

^ti-CETP peptide titer was determined by anELISA assay. Briefly, peptides conjugated to KLH were
5 coated on microtiter plates, the plates incubated withdiluted serum and bound antibody detected with a goat-a-rabbit-HRP antibody. The anti-CBTP peptide titer wasreported as the reciprocal of the dilution that gave 50%of the maximal response,

10

than 1 Q 3>

A 8i9ni
/
iCant *nti-C=*P Peptide titer (greaterthan 10 ,

was produced in the toxoid conjugated peptidegroup during the immunization period, m contrast, theanimals in the free peptide and saline groups did not

15 allT
" " 8i9nlfiCant -nti-CETP Peptide titer. The anti-

15 CETP peptide titer resulting during the immunization
period is summarized in Figure 1.

CETP activity was determined prior to the firstimmunization (the "pre-bleed period", and until the
20 experiment was terminated. CETP activity was determinedby isolating HDL from human serum and labeled 3H-

cholesterol oleate using well known methods (See
Lasuncion, M.A., Sipghpm.

,
T , 270:441 (1990), for

25 H HDL (3000 cpm) was incubated for one hour at 37'C withVLDL and 2.5 „i sample serum in a total volume of 50 „lof 50 mM Tris, 150 mM NaCI, 2 mM EDTA at pH 7.4. Thereaction was stopped with 450 „i human serum and
precipitated by phosphotungstic acid and MgCl,. The

30 supernatant and resuspended precipitate were counted in ascintillation counter and the results reported as a CETP
activity ratio which is the percentage of the 3H-
cholesterol ester transferred normalized to the average
percent transfer of the saline group.
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25

30

A significant decrease in the CETP activitvwas found for animals in the toxoid conjugated groupThe CETP activity during the ionization perioHs
summarized in Figure 2.

5

Purified antibody from animal, in the toxoidconjugated peptide group inhibited CETP activity by 42,In comparison purified antibody fro*^ J J.saline group inhibited CETP activity by le., than 2%.
0 The monoclonal antibody TP-2, known to react with CETP

l
mmt

•
84,129 ^ example,. rh.antibodies to CETP produced by the animal, in th. toxoidconjugated peptide group thu. result in th, decreed

' Z\iT*t
that ~cur

° in th" **££tl.
protem-A column chromatography methods.

Total cholesterol, BDL-chole.terol, LDL-choleeterol and triglyceride levels were determinedduring the pre-bleed period, the im^nization period andafter^immunization. The W cholesterol was estimateTaccording to the Friedewald, Ley and Fredricxson elationSee Friedewaid, B.T., J^, , 8t„9
incorporated by reference) .

"ei"

.„!„,., ""'i"
9 pr-blMd P«io<i *nd while the

was^tec^ ITT* "° '^"^was detected in cholesterol or triglyceride levels amoncgroups. The total cholesterol nnr , I
9aoiesterol, BDL-cholesterol, LDL-cholesterol and triglyceride levels during these periodsare summarized in Table 1.

periods
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Table 1. Comparison of serum cholesterol and triglyceride
levels in rabbits for each immunization period.

Immunization

Saline

free peptide

Conjugated peptide

Rsxiod

0 (Pre-bleed)

1 (Weeks 0-6)

2 (Weeks 7-14)

3 (Weeks 15-21)

4 (Weeks 22-28)

0 (Pre-bleed)

1 (Weeks 0-6)

2 (Weeks 7-14)

3 (Weeks 15-21)

4 (Weeks 22-28)

0 (Pre-bleed)

1 (Weeks 0-6)

2 (Weeks 7-14)

3 (Weeks 15-21)

4 (Weeks 22-28)

Total

Cholesterol

(mg

52.8 ± 8.0

53.9 ± 8.6

54.7 ± 5.0

40.9 ± 6.6

40.5 ± 3.5

46.2 ± 0.9

463 ± 0.5

53.7 ± 6.4

39.7 ± 3.7

38.5 ± 3.5

57.8 ± 28.0

56.9 ± 15.8

44.0 ± 15.0

44.0 ± 12S
48.0 ± 10.4

HDL

Cholesterol

/dL)*

22.9 ± 2.1

28.1 ± 33
30.9 ± 2.7

25.3 ± 4.2

25.4 ± 3.4

20.2 ± 1.9

25.3 ± 1.7

29.3 ± 1.1

24.6 ± 1.3

23.8 ± 1.4

23.7 ± 11.2

30.9 ± 11.3

26.7 ± 8.6

27.0 :£ 8.5

28.0 ± 6.5

LDL

Cholesterol

/dL)*

213 ± 6.0

17.6 ± 7.6

16.2 ± 2.9

7.7 ± 3.0

7.9 ± 1.0

16.3 ± 4.1

13.3 ± 2.8

12.6 ± 63
6.5 ± 53
6.3 ± 4.4

24.1 ± 13.8

18.1 a: 7.7

10.3 ± 4.5

10.4 ± 2.5

12.5 ± 4.6

Total

Triglycerides

(mgfdp*

43.0 ± 3.3

35.9 * 0.8

413 ± 2.6

39.4 ± l.l

36.2 ± 4.1

48.5 ± 9.2

38.9 ± 93
49.2 ± 10.0

433 ± 16.6

42.3 ± 15.0

503 ± 14.9

46.2 ± 43
34.9 ± 9.6

33.2 ±11.1

38.0 ± 9.9
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diet the ^r,"^
18 S"itCh0d t0 * " «*ol«t«ol

CETP activity significantly increaeed relative to thaton the noraal chow diet for ani*.!, m both tte toJ[old
5 conjugated peptide group and free peptide group. Thetotal choleeterol, HDL-chole.terol

, LBL-choieeteJ
total triglycerides, HDL-triglycerides, CETP activityand ant.-CETP peptide titer before and after cholsst.rolfeeding are summarized in Table 2.
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The CETP activity for animals on a cholesteroldiet was significantly lower for the toxoid conjugated
peptide group relative to that of the free peptide
group. The CETP activity for such animals as a functionof time on a cholesterol diet is summarized in Figure 3.

The HDL-cholesterol level for animals on a
cholesterol chow diet was significantly higher for thetoxoid conjugated peptide group relative to the free
peptide group. The HDL-cholesterol level for such
animals as a function of time on a cholesterol diet is
summarized in Figure 4.

The LDL-cholesterol level for animals on a
cholesterol diet was not significantly different for thetoxoid conjugated peptide group relative to the free
peptide group. The LDL-cholesterol level for such
animals as a function of time on a cholesterol diet issummarized in Figure 5.

20

25

30

The LDL/HDL-cholesterol level ratio for
animals on a cholesterol chow diet was significantly
higher for the free peptide group relative to the toxoidconjugated peptide group. The LDL/HDL-cholesterol levelratio for such animals as a function of time on a
cholesterol diet is summarized in Figure 5.

The results show that immunizing animals withthe toxoid conjugated peptide raises the HDL-cholesterol
level in animals fed a cholesterol diet. Low HDL-
cholesterol levels are associated with increased risk ofatherosclerosis regardless of the LDL-cholesterol level
immunization against CETP thus can reduce the risk of
atherosclerosis by raising the HDL-cholesterol level.

Although the invention has been described with
reference to the presently preferred embodiments, it
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IS

should be understood that various modifications can bemade without departing from the spirit of the invention.
Accordingly, the invention is limited only by the
following claims.
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What is claimed is:

5

10

15

20

25

of Simulating an immune responseto increase HDL cholesterol in a mammal exhibiting lowlevels of serum HDL comprising administering to said"amma^a composition comprising an immunogenic epitope

2. The method of claim 1, wherein said
composition is substantially purified CETP.

3. The method of claim 1, wherein said
composition is a peptide.

4. The method of claim 1, wherein said
composition contains a B cell epitope.

5. The method of claim 3, wherein said
peptide is:

^
H-Cy8-AsP-Ala-Gly-Ser-Val-Arg-Thr-Asn-Ala-Pro-Asp-

^
H-Cy8-A8P-Ser-Gly-Arg-Val-Arg-Thr-ASp-Ala-Pro-Asp-

H-His-Leu-Leu-Val-Asp-Phe-Leu-Gln-Ser-Leu-Ser-OH.

6. The method of claim 1, wherein said
composition comprises a carrier.

7. The method of claim 5, wherein said
carrier is selected from the group consisting of KLH,
ovalbumin, Diphtheria toxoid and Tetanus toxoid.

8. The method of claim 1, wherein said
composition is administered with an adjuvant.
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9. The method of claim 1, wherein said
administration is repeated.
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